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1	Introduction
[bookmark: _Hlk139554548][bookmark: _Hlk162351663]In RAN#102 (RP-234065), it was agreed to start a Rel-19 WI on enhancements of network energy savings for NR. The first objective concerns the on-demand SSB SCell operation, as highlighted below.
	1. [bookmark: _Hlk162362625]Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.

2. [bookmark: _Hlk153983379]Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· [bookmark: _Hlk158930096]Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
4. Specify the corresponding core requirements, for the above features [RAN4].





1	Discussion
This contribution focuses on the first objective highlighted in the above WID. In particular, the contribution addresses the aspects concerning the configuration, signaling, and activation/deactivation of on-demand SSB transmissions. 
2.1 Background
Across NR releases, 3GPP introduced several enhancements for SCell activation to support faster SCell activation and NW energy savings. A summary of those enhancements is presented below.
· NR Rel-15 SSB-less SCell for Intra-band contiguous CA: SCell can be configured without SSB when the SCell is configured along with intra-band contiguous serving cell.
· NR Rel-17 Fast SCell activation: In this enhancement, A-TRS is introduced to reduce the SCell activation delay for known SCells. This is applicable for known cells without any limitation on collocation and SCell can be intra-band or inter-band FR1/FR2.
· NR Rel-18 SSB-less SCell for inter-band collocated CA in FR1: As part of this enhancement, when certain conditions are met, SCell can be configured without SSB if there is another inter-band active serving cell in FR1. 
According to the WID, the UE is in connected mode and configured with CA and, hence, it is configured with a PCell and one or more SCell(s). Note that the PCell is always activated and not dormant. The SCell(s) can be activated and dormant/not dormant, or deactivated. 

[bookmark: _Ref163134857]2.1.1	RAN1 progress
RAN1, who is the leading WI for this work, has started the discussions in February in RAN1#116 and they reached the following agreements for on-demand SSB (the complete list of agreements can be found in the Appendix):
Agreement
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell
· FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

Agreement
Support on-demand SSB SCell operation triggered by gNB.
- FFS Details of associated signaling/indication/configuration provided to UE

2.2	On-demand SSB configuration and signalling aspects
As highlighted in Section 2.1.1, RAN1 reached several agreements that can serve as starting points for RAN2. First, RAN1 agreed to further study two cases (i.e., no always-on SSB and always-on periodical SSB cases) for the on-demand SSB.

[bookmark: _Hlk161655246]Second, RAN1 agreed to have a common design for the on-demand SSB operation for all applicable CA scenarios. We propose to adopt the same conclusion in RAN2, i.e., to agree to have a common design for on-demand SSB operation for all scenarios.

[bookmark: _Toc162352568][bookmark: _Toc163157297][bookmark: _Toc163161860]Have a common design for on-demand SSB operation for all scenarios from RAN2 standpoint.

Third, RAN1 agreed that on-demand SSB SCell operation can be triggered by the gNB. While the details of the SSB pattern can be left to RAN1, RAN2 could discuss the configuration and signalling aspects. In that regard, different candidate solutions can be considered to support on-demand SSB SCell operations. 
Regarding the configuration aspect, one of the evident solutions is that the network provides the UE with different options for the SSB transmission patterns by an RRC configuration. These options for the SSB transmission patterns could be given outside of the SCell configuration if common SSB pattern is enough. Furthermore, to support additional flexibility, the configurations could be different for FR1 and FR2. In this way, configurations for FR1 and FR2 would be shared among serving cells operating on FR1 and FR2, respectively. It is important to note that while the options for the SSB transmission patterns would be per FR, the activation of a certain SSB transmission pattern could be different for different SCells. This way of configuring on-demand SSB per FR requires fewer bits compared to, for example, configuring on-demand SSB per SCell. Additionally, it allows for more flexibility than, for example, configuring the same on-demand SSB for both FR1 and FR2. Therefore, configuring on-demand SSB per FR can be seen as a solution that requires fewer bits and provides a reasonable level of flexibility.  

[bookmark: _Toc163157298][bookmark: _Toc163161861]To discuss whether the on-demand SSB configuration for SCells is common or per FR.

Regarding the signalling aspect, the activation/deactivation of on-demand SSB could be MAC CE or DCI based. One can note that the signalling aspect falls into the RAN1 domain as well and it also depends on how the on-demand SSB is configured. Nevertheless, RAN2 can start discussing different means of signalling for on-demand SSB and express its preferences.  

[bookmark: _Toc163157299][bookmark: _Toc163161862]Discuss how to activate/deactivate on-demand SSB transmission in SCell.

3	Conclusion
Based on the discussion in the previous sections we propose the following:


Proposal 1	Have a common design for on-demand SSB operation for all scenarios from RAN2 standpoint.
Proposal 2	To discuss whether the on-demand SSB configuration for SCells is common or per FR.
Proposal 3	Discuss how to activate/deactivate on-demand SSB transmission in SCell.
 
References
[bookmark: _Ref149582648][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-234065, New WID: Enhancements of network energy savings for NR, 3GPP TSG RAN Meeting #102, Dec. 11-15, 2024.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref61455800]
Appendix
Agreement
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell
· FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

Agreement
For the following identified scenarios for on-demand SSB SCell operation, focus future RAN1 discussion to down-select (both may be selected) between the two scenarios.
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3: After UE receives SCell activation command (e.g., as defined in TS 38.321)
· This does not preclude SCell for which activation is completed
· FFS: The case where SCell activation is completed
FFS: Application timing between NW triggering message and on demand SSB transmission


Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
Agreement
· For SSB burst(s) triggered by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
· FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)
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